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Cholesteatoma of the middle ear is the disease, the course and prognosis of which can not be considered without
taking into account the patients age. In pediatric otorhinolaryngology, such patients require special attention due to
the aggressiveness of cholesteatoma in children. The rapid growth and a high number of recurrences after surgical
treatment are features of the course of this disease in children. The causes of the aggressiveness of this disease in
children have not been studied. Objective: to identify clinical and immunological features in children with middle
ear cholesteatoma in different age groups that contribute to the aggressive course of the disease. A retrospective
analysis of 143 medical case reports of children from 1 to 17 years old who received surgical treatment of middle
ear cholesteatoma was carried out in the Department of othorhinolaryngology (St. Petersburg State Pediatric Medical
University) from 2000 to 2018. Comparative analysis of clinical manifestation, anamnesis of ear disease, concomitant
diseases, immunological reactivity (the content of lymphocytes, their subpopulations and interleukin-2 in peripheral
blood) and results of surgical treatment of middle ear cholesteatoma in different age groups has been performed.
Cholesteatoma is more aggressive in young children. Frequent infections of the upper respiratory tract, eustachian
tube dysfunctions, immune disorders in children under 7 years of age lead to an unfavorable course and prognosis
of middle ear cholesteatoma.
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BO3PACTHbIE ACNEKTbl TEHEHUA XPOHUYECKOIO OTUTA C XOJIECTEATOMOM
Y OETEN (KNTMHUYECKAS N UMMYHONTIOTMYECKAS XAPAKTEPUCTUKA)
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SipKMM npumepoM 3aboneBaHus, TeYEHUE W MPOrHO3 KOTOPOro HEBO3MOXHO paccMaTpuBaTth 6e3 yyeTa Bo3pacTta 60sb-
HOro, sIBNSeTCS XoNecTeatoMa CpefHero yxa. B peTckoli OTOpUMHOMAPWMHIONOrUKM TakMe MNauMeHTbl TPebylT 0COOEHHO
NPUCTaNbHOTO BHUMaHWA B CBA3M C HoNlee arpeccUBHbIM TEYEHMEM XONIeCTeaToOMbl y AeTel, KOTOpoe MposBASeTCS OYeHb
6bICTPbIM €€ POCTOM U BbICOKMM YMC/IOM PeLUSIMBOB MOC/IE XWUPYPruyeckoro neveHus. MpuUUmHbl arpeccMBHOrO TeYeHus
3T0ro 3aboneBaHus y geTelt [0 CMX MOP OCTalTCS npeaMeToM usyyeHus. C Lenbio BbIIBUTb B Pa3/IMYHbIX BO3PACTHbIX
rpynnax KJMHUYeCcKMe U UMMYHONOrMyeckme ocobeHHOCTU y AeTell C X0necTeaTOMOM CpefHero yxa, cnocobcTaywwue
arpeccMBHOMY TeyeHMto 3aboneBaHus, NPOBEAEH PETPOCMEKTUBHbIN aHann3 uctopuit 6onesuu 143 nauymeHtoB oT 1 roga
[o 17 net, onepupoBaHHbIX MO MOBOAY XONeCTeaToOMbl CPeAHEro yxa B OTAEeNeHUMU oTopuHonapuHronorum CM6ITIMY
c 2000 no 2018 r. OueHnBanNUCb U CPaBHUBANUCL B Pa3fIMYHbIX BO3PACTHbIX Tpynmnax 0COOEHHOCTU KAMHUYECKOW MaHu-
decTaummn xonecTeaToMbl CpeaHero yxa, aHamHes 3aboneBaHns yxa, ConyTCTBYHOLAA COMAaTUYECKas NaToNorms, COCTosHNUe
UMMYHONOIMYECKOM PeaKTUBHOCTHK (copepkaHne nuM@oumnToB, nx cybnonynaumin u UHTepnenknuHa-2 B nepudepuyeckon
KPOBW), pe3ynbTaTbl XMPYPruyeckoro fieyeHus. XonecteatoMa CpefHero yxa MMeeT TEHAEHUMI K 6onee arpeccMBHOMY
TEYEHUI0 ¥ AeTel MNajwero Bo3pacTa. YacToie MHPEKLUM BEPXHUX AblXaTesbHbIX NyTen, TybapHble AUCHYHKLUM, HapyLle-
HWUS KNETOYHOrO M ryMOpanbHOro UMMYHMUTETA Y LOLWKOJIbHUKOB SIBNATCA GOHOM, CMOCOBCTBYOWMM HEBNAronpuaTHoMy
TEYEHWI U NPOrHO3Yy XOsecTeaToMbl CPELHEro yxa.

Knioueeble cnoBa: xo1ecteatoMa CPeAHEro yxa y AeTei; BPOKAEHHAsA X0NeCTeaToMa; XpPOHUYECKUIA CPeAHUIA OTUT; LUMTO-
KMHbI; UMMYHUTET.
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BACKGROUND

Age is the most important factor to determine the
characteristics of the manifestation, course, and choice
of therapeutic approach and prognosis of many dis-
eases. At each age stage, the child has its own mor-
phological, physiological, and immunological aspects,
which, probably, create the prerequisites for a certain
course of the disease [6]. Interpretation of the disease
clinical presentation from the age perspective of the
child allows a differentiated approach to the patient
and prediction of the course of the disease, to a cer-
tain extent.

A vivid example of a disease, in which the course
and prognosis cannot be considered without an age
aspect, is cholesteatoma of the middle ear.

Cholesteatoma is a tumor-like formation that con-
sists of a dense mass of epidermis soaked in cho-
lesterol and surrounded by a connective tissue cap-
sule (matrix). There can be congenital and acquired
cholesteatoma. Congenital cholesteatoma is consi-
dered a malformation of the middle ear as a result
of a disorder of branchial fissure formation, whereas
acquired cholesteatoma occurs as a result of a long
inflammatory process in the middle ear. As the cho-
lesteatoma grows, it destroys the bone structures of
both the middle and inner ears, thereby causing life-
threatening complications [2].

In pediatric otorhinolaryngology, such patients re-
quire especially close attention because of more ag-
gressive courses of cholesteatoma in children, which is
manifested by its very rapid growth and a high num-
ber of relapses after surgical treatment [11]. However,
even in the children’s age category, there is a tendency
to a more unfavorable course of the disease in young
children [3, 4]. A study by Stangerup et al. [10] de-
monstrated that the percentage of cholesteatoma recur-
rence in pediatric patients under 8 years old is twice
as high as in children over 8 years old (47% and 24%,
respectively). The causes of the aggressive course of
middle ear cholesteatoma in pediatric patients are still
not fully understood.

This study aimed to reveal the clinical and im-
munological characteristics of pediatric patients with
middle ear cholesteatoma in different age groups that
contribute to the aggressive course of the disease.

MATERIALS AND METHODS

A retrospective analysis of case histories of 143 pa-
tients aged 1 to 17 years (150 cases, since seven
patients had cholesteatoma on both sides), who were
operated for middle ear cholesteatoma in the ear,
nose, and throat (ENT) department of the St. Peters-
burg State Pediatric Medical University from 2000 to
2018, was performed. Complete clinical, laboratory,

bacteriological, radiological, audiometric, and detailed
immunological examinations were conducted to the
patients. Within this study, the pediatric patients were
divided into groups according to the age periodization
proposed by Russian pediatrician Gundobin, namely,
toddlers (1-3 years), preschoolers (3—7 years), primary
school-aged children (7-11 years old), and second-
ary school-aged children (12-18 years) [1]. Then,
the positions were evaluated and compared in age
groups, namely, the clinical manifestation of middle
ear cholesteatoma, anamnesis of ear disease, concomi-
tant somatic pathology, immunological reactivity state,
surgical treatment results, and percentage of choles-
teatoma relapse.

The state of cellular immunity (the lymphocytes
count and their subpopulations in the peripheral blood)
was assessed, and the content of interleukin-2 (IL-2)
in the blood serum and its production by peripheral
blood mononuclear cells (PBMC) was determined.

The level of IL-2 in blood serum and supernatants
of blood samples was determined using commercial
test systems developed at the National Research Insti-
tute for High Purity Biologicals (St. Petersburg). These
test systems are based on the “sandwich” method of
enzyme-linked immunosorbent assay using horseradish
peroxidase as an indicator enzyme. The level of IL-2
in the supernatants of blood samples cultured without
inducers was evaluated as spontaneous production of
cytokines by peripheral blood cells, and in the pres-
ence of an inducer, it was evaluated as induced pro-
duction of PBMC cytokines. Phytohemagglutinin at a
final concentration of 50 pg/mL was used to stimulate
the production of IL-2.

Lymphocyte subpopulations CD3+ (T-lympho-
cytes), CD4+ (T-helper cells), CD8+ (T-cytotoxic lym-
phocytes), CD20+ (B-lymphocytes), CD16+ (natural
killer cells), and CD25+ (IL-2 receptors) were identi-
fied using monoclonal antibodies made by Medbio-
spectr (Moscow). Fresh heparinized blood was diluted
two times with physiological saline and layered on a
separation medium (Ficollverographene gradient with
a density of 1.077 g/cm®) in a centrifuge tube in a ratio
of 2.5:1, after which it was centrifuged for 30 min
at an acceleration of 400 g. After centrifugation, the
resulting mononuclear ring was pipetted, and the re-
sulting cell suspension was washed three times with
physiological saline and adjusted to a concentration of
2 x 10° cells/mL. For the quantitative determination of
peripheral blood lymphocyte subpopulations, the stan-
dard method of a two-stage complement-dependent
lymphocytotoxic test was used. Suspension of lympho-
cytes (1 pL) was added to the wells and incubated for
40 min at 20 °C, and then, 5 pL of rabbit complement
was added to each well (Russian Research Institute of
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Hematology and Transfusiology, St. Petersburg). After
this, incubation was performed for 60 min at 20 °C.
To stain cells, 2 pL of a 5% aqueous eosin solution
was added to each well, and after 2 min, 5 pL of a
17% formalin solution was fixed. The results were
evaluated using a light microscope at 150-fold mag-
nification. The number of stained (specifically reacted)
lymphocytes was calculated for each subpopulation in
three parallels, at least 100 cells in each. The mean
value, expressed as a percentage of the number of
counted cells, was determined. The absolute number
of cells in 1 mm® was calculated using data from a
clinical blood test performed on the same day (white
blood cell count and relative lymphocyte count).

The data of a study by Ketlinsky et al. [S] were
taken as normal age indicators of the content of
various lymphocyte subpopulations in the peripheral
blood. As a control group, immunological parameters
of pediatric patients aged 4.5 to 16 years (n=23),
who were examined at the Children’s Hospital No. 2
with the diagnoses of cardiac functional murmur and
vegetovascular dystonia and who did not have acute
infectious disease manifestations, chronic pathology
exacerbations, and ear disease signs at the time of
examination and during the previous month, were
used.

Blood samples were taken for immunological stud-
ies before the start of systemic and topical antibac-
terial and anti-inflammatory therapy. Immunological
studies were conducted in the immunopharmacology
laboratory of the National Research Institute for High
Purity Biologicals. Statistical data processing was per-
formed using Excel software of Microsoft Office 2000.
The differences between the two average values were
evaluated according to the Student’s test. The differ-
ence between the compared indices was considered
significant at p <0.05.

RESULTS

Toddler Group (1-3 Years Old) — Seven Patients
(Eight Cases)

The clinical disease manifestation of this age group
is characterized by an acute onset in the form of ear-
ache, fever, and intoxication. In a hospital or clinic,
acute otitis media was diagnosed in the patients; the
standard treatment was prescribed; paracentesis was
performed in two patients, but pus was not taken. The
lack of normalization of the otoscopic presentation
necessitated computed tomography of the temporal
bones, which revealed bone-destructive changes. The
period from the onset of the disease to surgery was
2.3+ 1.4 months. In all eight cases during the sur-
gery, a common creeping cholesteatoma was found,
which was regarded as congenital in the absence of

any history of ear disease. Relapse of the disease was
registered in all patients (100%) of this age group
6—12 months after surgery, because of this, the pedi-
atric patients underwent repeat surgery represented by
radical general cavity surgery.

Preschool Group (3—7 Years Old) — 29 Patients
(31 Cases)

In 11 cases (35%), cholesteatoma was regarded as
congenital. The clinical disease manifestation in pe-
diatric patients of this age group did not differ from
the manifestation in pediatric patients under 3 years
of age. Creeping cholesteatoma spreading over the
cavities of the middle ear is typical, which requires
a large amount of surgery.

Nineteen preschoolers (65%) were included in the
group of frequently and chronically ill children (seven
or more episodes per year or 10 acute respiratory dis-
eases over the past 2 years [7, 9]). The high incidence
of respiratory viral and bacterial infections and charac-
teristics of pediatric patients of this age contributed to
the infection of the middle ear. Of pediatric patients,
79% had a history of at least one episode of otitis
media (23 patients). In 10 patients, otitis media had a
relapsing course (three or more episodes for 6 months
or four episodes per year). The period from the disease
manifestation to surgery was 8.6 = 6.3 months.

Because the process of maturation of the child’s
immune system passes through several age stages, and
certain specific aspects of the immune status corre-
spond to each age, it was interesting to study the
number of lymphocytes and their subpopulations in
peripheral blood in patients with middle ear choles-
teatoma [8].

In the group of patients aged 4 to 7 years with
a cholesteatoma-destructive process, there was a ten-
dency to decrease in all lymphocyte subpopulations
compared with the age norm; significant differences
were obtained when assessing the absolute count of
CD3 (p<0.01) and CD4 (p <0.001) and the relative
count of CD8 and B-lymphocytes (p <0.05). When
comparing with the control group, a significant de-
crease in the absolute and relative number of CD25
(» <0.01) was revealed, as well as an increase in the
relative count of B-lymphocytes (Table).

Given the changes identified in the T-system of
immunity, a study of IL-2, which is the main growth
factor of T-lymphocytes, was conducted. Spontane-
ous production of PBMC IL-2 was equal to zero,
which corresponded to the norm. The average value
of the induced production of IL-2 by PBMC in pe-
diatric patients aged 4-7 years was 1.1 1.0 units/
mL, whereas the value in the control group was
11.1 + 0.44 units/mL.
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Table / Tabauya

The content of lymphocytes and their subpopulations in the peripheral blood of patients with middle ear cholesteatoma
in different age groups, children of the control group and normal
CopepaHue nMMMOLMTOB M Mx cybnonynaumii B nepmudepmnyeckon KpoBu y 60MbHbIX C XONeCTeaTOMOM CpeIHEro yxa B pasHbIX

BO3PaCTHbIX rPynnax, AeTei KOHTPObHOM rpynmbl U B HOpMeE

Age categories / Bo3pacTHbIe rpymnIIEl Control group
Lymphocytes / 4-15 years (n=32) /
JInmdbouuTe! 4-6 years (n=11) / Norm / 7-17 years (n=32) / Norm / KOHTpOMbHAS TPyTIIa
4-6 net (n=11) Hopma 7-17 net (n = 32) Hopma 4-15 et (n =23)
Lymph., % / 427+12.8 46 43.4+12.0 40 B
Jumd., otH., % (32-67) (38-53) (21-66) (36-43)
Lymph., abs/ul / 27+1.3 3.6 2.4+0.7 2.4 B
JInmd., abc. ThIC./MKIT (1.6-5.4) (2.9-5.1) (1.1-3.8) 2-2.7)
CD3, % / 63.3+10.8 64 57.3 £12.0%* 70 57.6 1.7
CD3, oTH., % (46-74) (62—69) (35-80) (66-76) (48—-66)
CD3, abs/ul / 1.6 = 0.4* 2.5 1.4 £+ 0.5%** 1.8 1.6
CD3, a6c. ThIC./MKIT (1.2-2.5) (1.8-3) (0.5-2.5) (1.4-2) (1-1.8)
CD4, % / 32.3+£87 37 32.1 £9.6* 37 307+ 1.5
CD4, otH., % (16—45) (30-40) (12-51) (33-41) (20-42)
CD4, abs/ul / 0.8+0.1* 1.6 0.8+0.3 0.8 0.8+0.2
CD4, a0c. TbIC./MKIT (0.6-1.0) (1-1.8) (0.3-1.7) (0.7-1.1) (0.3-1.8)
CD8, % / 25.7 £3.4*% 29 22.5+5.2% 30 241+1.5
CD8, ortH., % (21-30) (25-32) (13-34) (27-35) (14-36.5)
CD8, abs/ul / 0.7+0.3 0.9 0.6 +0.2* 0.8 0.6 +0.07
CD8, abc. Tic./MKIT (0.4-1.4) (0.8-1.5) (0.2-1.2) (0.6-0.9) (0.2-1.0)
CD4/CDS8 / 1£04 1.3 1.5+0.7 1.3 1.3+£0.07
CD4/CD8 (0.6-1.9) (1.0-1.6) (0.6-3.9) (1.0-1.4) (0.9-1.9)
B-Cells, % / 19.7 £ 6.2%, ** 24 16.1 £ 6.6%* 16 12.9+0.8
B-JTuma., otH., % (12-29) (21-28) (5-30) (12-22) (8.5-18.3)
B-Cells, abs/ul / 0.6 +£0.5 0.9 04+0.2 0.4 0.3+0.04
B-JTumd., abe. Thic./MKIT (0.3-1.6) (0.7-1.3) (0.2-1.0) (0.3-0.5) (0.1-0.5)
CDI6, % / 10.5+5.4 16 +8.9 13.1 £ 1.1
CD16, oTH., % (5-20) &-15) (5-44) ©-16) (9-22)
CDI16, abs/ul / 03+03 0.4 0.4+0.3 0.3 0.4+0.06
CDI16, abc. Tic./MKIT (0.1-0.8) (0.2-0.6) (0.1-1.5) (0.2-0.3) (0.1-0.7)
CD25, % / 5.4 4+ 5.0%* 7.2 £ 8.6%* 167 + 1.1
CD25, oTH., % (1.1-14) (8-12) (0.6-36) (10-16) (11-26)
CD25, abs/ul / 0.1 £ 0.1%* 0.2 +£0.17%* 0.4+0.1
CD25, abc. Thic./MKI (0.03-0.3) 0.3-048) (0.02-0.9) (0.2-0.36) (0.2-0.8)

Note. *Significance of differences when comparing groups of children with cholesteatoma and content of the age norm. **Signifi-
cance of differences when comparing groups of children with cholesteatoma and control groups. The range (minimum—maximum)
is indicated in parentheses.
Ilpumeuanue. *JI0CTOBEPHOCTH PA3IHYNI MEKIY TPyHNNaMy OOJBHBIX U MOKA3aTENsIMH BO3PACTHOW HOPMEL. **Mexay rpynnamu
OOJIBHBIX U KOHTpOJIeM. B ckoOKaX yka3aH AMana3oH (MHHUMYM—MaKCHMYM).

The diseases were identified in the structure of
concomitant pathology in pediatric patients of this age
group, namely, cerebral palsy in one patient and de-
layed psychoverbal development in one person.

The relapse of cholesteatoma during hearing-spar-
ing surgeries was 58% with a follow-up period of 6
to 12 months.

Primary School-Aged Group (7-11 Years Old) —
52 Patients (55 Cases)

The proportion of patients with congenital choles-
teatoma in the primary school-aged children is signifi-
cantly lower than that in the younger age groups (11%,
six cases). The clinical presentation of the congenital
cholesteatoma manifestation has also changed, which
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included unilateral conductive hearing loss and epi-
dermal masses behind the tympanic membrane. The
number of frequently and chronically ill children in
this age group decreased to 20% (10 patients). The
period from the disease manifestation to the surgery
was 28.9 = 25 months. Typically, 89% of the pediatric
patients had a history of ear diseases, namely, otitis
media episodes (15 patients), recurrent otitis media
(15 patients), chronic otitis media diagnosis with a
defect in the tympanic membrane (16 patients), re-
peated otoblennorrhea hospital treatment (26 patients),
ear polypectomy (5 patients), and tympanic cavity
shunting (2 patients). A history of adenoidectomy was
revealed in 30 patients (58%).

Immunological examination revealed a significant
decrease in comparison with the norm of the abso-
lute and relative counts of CD3 and CDS8 (p <0.001),
as well as relative CD4 (p <0.01). The total count
of lymphocytes and CD16, as well as the content of
B-lymphocytes in the peripheral blood, corresponded to
the age norm. When comparing with the control group,
a significant decrease in the absolute and relative num-
ber of CD25 (p <0.001) and an increase in the relative
count of B-lymphocytes were revealed, as well as a
decrease in the absolute count of CD3 (p < 0.05; Table).

Induced production of IL-2 by PBMC is reduced,
but it is twice as high as in the preschool group
(2.3 and 1.2 units/mL).

The following diseases were revealed in the struc-
ture of concomitant somatic pathology in pediatric pa-
tients of this age group: heart defects in five patients,
obesity in five, juvenile arthritis in one, kyphoscoliosis
in one, cerebral palsy in two, bronchial asthma in
six, and tuberculosis in two. The relapse of cholestea-
toma during hearing-sparing surgeries was 53% with
a follow-up period of 6 to 12 months.

Secondary School-Aged Group (12-18 Years
0Old) — 55 Patients (56 Cases)

In this age group, congenital cholesteatoma was
diagnosed in only three cases (5.4%). Clinical mani-
festations of the disease included unilateral conduc-
tive hearing loss and epidermal masses behind the
tympanic membrane.

For secondary school students, as well as for pe-
diatric patients of primary school age, a rather long
period from the disease manifestation to surgery is
typical, 28 & 20.7 months (2 months to 8 years). Thus,
in 30 pediatric patients, the duration of chronic otitis
media with a tympanic membrane defect exceeded
2 years. During this period, patients repeatedly re-
ceived conservative treatment in an ENT hospital, as
well as ear polypectomy, transtympanic bypass sur-
gery, and antibacterial therapy.

An immunological examination revealed a decrease
in comparison with the norm of the absolute and rela-
tive amounts of CD3 and CDS, as well as relative
CD4. Twelve patients (21%) had somatic pathology:
two had heart defects, three had kidney malforma-
tions or pyelonephritis, one had ulcerative colitis, one
had cerebral palsy, two had obesity, one had Down
syndrome, and two had tuberculosis. The relapse of
cholesteatoma during hearing-sparing surgeries in this
age group occurred in 16 cases and amounted to 29%
with a follow-up period of 6 to 12 months.

CONCLUSIONS

Middle ear cholesteatoma tends to have a more un-
favorable course in young pediatric patients, which is
expressed in a higher percentage of disease recurrence
after surgery. In the toddler group, cholesteatoma re-
currence occurred in 100% of cases, and it was 58%,
53%, and 29% in the preschool, primary school-aged,
and secondary school-aged groups, respectively.

Pediatric patients of younger age groups are typi-
cally diagnosed with a high rate of congenital cho-
lesteatoma. Congenital cholesteatoma was diagnosed
in 100% of cases in the toddler group, 35% in the
preschool group, 11% in the primary school-aged
group, and 5.4% in the secondary school-aged group.
Moreover, depending on age, the clinical presentation
of the manifestation also changes; thus, acute inflam-
matory onset in pediatric patients under 7 years of age
and unilateral conductive hearing loss in school-aged
pediatric patients are registered.

Chronic otitis media with cholesteatoma in pediat-
ric patients proceeds along with disorders of the T-cell
system of immunity and systemic production of PBMC
IL-2, with more pronounced immunological disorders
registered in preschool patients. According to the lit-
erature, impaired production of T-cell growth factor
IL-2 in combination with a decrease in the number of
cells having mature T-lymphocyte markers indicates
the formation of secondary immunodeficiency [9].

Frequent upper respiratory tract infections, tubal
dysfunctions, and cellular and humoral immunity dis-
orders in preschool pediatric patients constitute the
background contributing to a more unfavorable course
and prognosis of cholesteatoma of the middle ear.

Conflict of interest. This study received no external
funding. There is no conflict of interest.
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